quent M9s will have more M9s than those that are slow. Indeed, the number of M9 earthquakes that have occurred in the past 100 years (five) is within one of those expected at random if we take into account only the ratepredicted intervals between them (11). This recurrence-time concept explains some of the earlier positive correlations of earthquake size with slip rate. However, it differs fundamentally from the mechanical and thermal explanations, in that the latter predict some subduction zones to be incapable of having an M9, whereas the former holds that they are merely improbable.
The Sumatra-Andaman earthquake surprised many Earth scientists by occurring in an unexpected place. Earth gave us a stark reminder of the important difference between improbability and impossibility. Our understanding of where and when the next great earthquake will happen is in its infancy at best. We have not had enough time to decipher M9 earthquake behavior. It will take many more centuries, or many more quakes, or both, to understand the pattern, if one exists.
For policy purposes, one lesson we should take away from the Sumatra-Andaman earthquake is that every subduction zone is potentially locked, loaded, and dangerous. To focus on some and ignore others may be folly. Several are near densely populated land areas, and the potential impacts of shaking and tsunamis cannot be overstated. We learned that great earthquakes pose a unique hazard to distant coasts: The long rupture generated tsunami waves that traveled over vast oceans with little loss of amplitude due to spreading.
The great reach of the 2004 tsunami (12) , and the expected long time interval between such events, requires that these lessons persist over a wide expanse of time and space. A small amount of knowledge in the right place can save many lives, as in the story of the 10-year-old British girl who had learned of tsunamis in school and warned fellow sunbathers in Thailand to run for higher ground, probably saving them (13) .
Even while we develop technologybased global warning systems, we should, by sustained education, embed the lessons of 2004 in the cultural memories of all coastal communities.
T he largest known family of proteins is also, not surprisingly, involved in a wide range of biological processes in the animal world. Vital physiological functions such as vision, taste, and olfaction recruit G protein-coupled receptors to relay external signals into cells, to elicit the appropriate responses. Likewise, G protein-coupled receptors mediate responses to endogenous signals encoded by peptides, nucleotides, or lipids, to adjust cell growth and differentiation, metabolism, embryogenesis, and development to current physiological demands. The human genome encodes more than 800 G protein-coupled receptors. In contrast to this pervasiveness, plants seem not to have evolved such a dependence on these receptors. The genome of the plant Arabidopsis thaliana encodes about 25 "candidate" G protein-coupled receptorsplasma membrane-localized proteins with a seven-transmembrane topology that characterizes this receptor family. Moreover, not a single ligand for a candidate plant G proteincoupled receptor has been known. Now Liu et al., on page 1712 in this issue (1), report that a candidate G protein-coupled receptor of Arabidopsis is the receptor for the phytohormone abscisic acid. This is satisfying not only because it establishes the first functional member of this receptor family in the plant world, but it also identifies a long sought after receptor for an important plant developmental hormone.
Abscisic acid serves as a plant-specific signal during development and in response to environmental stresses such as cold, drought, and high concentrations of salt in the soil. The physiological responses it elicits include the closure of leaf stomatal pores to restrict transpiration, adjustment of metabolism to tolerate desiccation and cold temperatures, and inhibition of seed germination and seedling growth. Biochemical and electrophysiological studies provide evidence for both extracellular and intracellular perception of the hormone (2, 3) . Recently, the nuclear RNA-binding protein FCA, which controls flowering time (4) , and the Mg-chelatase subunit H located in chloroplasts (5), were identified as intracellular abscisic acid receptors. Liu et al.
now show that GCR2 is a plasma membrane-localized G protein-coupled receptor that specifically binds to naturally occurring abscisic acid, but not to the physiologically inactive isomer (trans-abscisic acid), to control stomatal closure, seed germination, and seedling growth.
In addition to seven-transmembrane domains, a G protein-coupled receptor has a cytosolic domain that acts as a guaninenucleotide exchange factor for heterotrimeric GTP-binding proteins (G proteins). Upon binding to a ligand, the receptor promotes the exchange of bound GDP for GTP in an associated G protein; this results in receptor dissociation from the G protein. The G protein itself dissociates into Gα and Gβγ complexes that then target downstream effectors such as guanylyl cyclase, protein kinases, or phospholipases. There is only one canonical Gα, one Gβ, and two Gγ subunits expressed in Arabidopsis. Previous functional analysis of plant G protein subunits implicated their involvement in phytohormone responses, including abscisic acid signaling (6) . In mutant plants lacking Gα (GPA1), regulation of stomatal movement is impaired and germination is hypersensitive to abscisic acid (7).
A hormone that controls plant development and survival acts through a member of a receptor family whose other members are pervasive in animal cells.
The identification by Liu et al. of a physical interaction between the G protein-coupled receptor GCR2 and the Gα subunit GPA1 provides the missing link between a G protein and abscisic acid perception. The authors show that in plants lacking GPA1 and GCR2, responses to abscisic acid are impaired but not abolished. This is consistent with a parallel or redundant hormone response pathway that possibly involves the intracellular hormone receptor in chloroplasts. Analysis of mutant plants deficient in both extracellular and intracellular abscisic acid reception sites should clarify this point. Alternatively, GCR2-related proteins and noncanonical Gα subunits might be functionally redundant in relaying an abscisic acid signal. The two known GCR2-related proteins in plants share 42% and 63% identity at the amino acid level with GRC2, and all three proteins are structurally related to the mammalian peptidemodifying lanthionine synthetase C-like protein. Liu et al. also found that the insensitivity or hypersensitivy of mutant plants that lack or overexpress GCR2, respectively, to abscisic acid depends on the Gα subunit GPA1. This points to a positive regulatory role of GCR2 in abscisic acid signal transduction.
What happens then, when GCR2 is activated by abscisic acid? In the classic paradigm of G protein signaling (6), GPA1-GTP and Gβγ are predicted to dissociate from the receptor upon receptor-abscisic acid interaction. GPA1 and Gβγ subunits then serve as signaling molecules that remain tethered to the plasma membrane (through lipid moieties) (see the figure) . Gβ has been linked to several plant hormone responses and shown to inhibit lateral root initiation in response to the hormone auxin. Gβ also negatively regulates abscisic acid signaling during germination and early seedling development (7) .
The effects of GPA1 involve proteins that bind to it. These include phospholipase Dα1 (PLDα), which is involved in stomatal responses, and the cupin-domain protein AtPirin1, which functions downstream of GPA1 in seed germination and early seedling development. In addition, the protein thylakoid formation 1 interacts with GPA1 and links G protein signaling to a sugar-sensing pathway. Abscisic acid-stimulated phospholipid cleavage by PLDα generates the signaling molecule phosphatidic acid in the plasma membrane. Phosphatidic acid further promotes abscisic acid signaling by recruiting ABI1, a negative hormone response regulator (ABI1 interacts with different cellular targets such as the transcription factor AtHB6 to negatively regulate abscisic acid responses), to the plasma membrane; this relocalization of ABI1 blocks its activity (8) . The interaction of GPA1 with PLDα is destabilized when GTP binds the Gα subunit (9) . This is compatible with an abscisic acid-dependent release of PLDα from the Gα subunit.
In animal cells, phosphatidic acid recruits the enzyme sphingosine kinase to the plasma membrane and thereby controls generation of the lipid sphingosine 1-phosphate. Sphingosine 1-phosphate then acts as an extracellular ligand for G protein-coupled receptors. In plants, sphingosine 1-phosphate promotes GPA1-dependent stomatal closure (10) and may also act via a G protein-coupled receptor. GCR1of Arabidopsis is a candidate G protein-coupled receptor, the ligand of which is unknown. GCR1 interacts directly with GPA1 and functions antagonistically to GCR2 by promoting germination and shortening the time to flowering (11) . This indicates a competing interaction with GCR2 for GPA1. Thus, GPA1 appears to represent a node where different signaling pathways converge.
The identification of GCR2 as an abscisic acid receptor brings G protein signaling into the limelight of plant research. To date, studies of plant signaling have focused on leucine-rich repeat receptors. The Arabidopsis genome encodes more than 600 leucine-rich repeat receptors, which are involved in pathogen recognition and in regulating numerous developmental processes. In contrast, the analysis of predicted seven-transmembrane proteins has been neglected. G protein-coupled receptor candidates in Arabidopsis include the barley mildew resistance locus O and heptahelical proteins that are related to mammalian adiponectin and progestin receptors (which posses seven-transmembrane domains) (12, 13) . It is hard to predict how many different G protein-coupled receptors exist in plants and how they might interact. The limited number of different heteromeric G protein subunits, however, provides an excellent system to functionally elucidate the specificity and integration of G protein-coupled receptor signaling at the level of G proteins.
